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Physical musical instruments have always been dynamic systems designed to 
operate within chosen constraints. This paper reports on the interaction design of a 
new digital musical instrument that uses dynamic stochastic synthesis and how 
performance requirements have directed the development of an appropriate 
interface that balances the systems emergent behaviour with sufficient real-time 
predicability for live musical performance. In the process issues and concepts 
related to performative interaction are discussed, and a design process leading to 
effective interaction is outlined. 
 
he Interactive Dynamic Stochastic Synthesizer (IDSS) is a 
software musical instrument I designed for live performance. It 
employs a synthesis method developed by the composer and 
architect Iannis Xenakis called dynamic stochastic synthesis (DSS). The 
synthesis process is one of a class of dynamic musical systems that are 
presenting a new challenge and opportunity for musical interaction 
where an appropriate balance between user control and algorithmic 
freedom needs to be achieved. The IDSS software is the first 
implementation of dynamic software synthesis specifically for live 
performance that I am aware of and therefore the design for interaction 
T 
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with this system has drawn on various experiences from live electronic 
music practices and dynamic new media systems. 
 
1. Dynamic Stochastic Synthesis 
For most of his life Iannis Xenakis was concerned with the use of 
probabilities for creating music. He conceived of dynamic stochastic 
synthesis (DSS) as a way to apply stochastic functions to the generation 
of audio waveforms. His early compositional uses of stochastic processes 
were primarily for determining aspects of works at the level of note 
attribute selection and the organisation of musical form. Later in his life, 
Xenakis applied these processes directly to the dynamic stochastic 
synthesis process. The organisation of music at this sample-by-sample 
level he referred to as the musical “microstructure” (Xenakis 1991). 
 
 
Figure 1. Breakpoints are connected to become a wavefrom. 
 
Dynamic stochastic synthesis involves multiple levels of probabilistic 
functions that determine the positions of break points in an envelope, as 
depicted in Figure 1. Each break point envelope describes one cycle of 
an audio waveform. The number of points in the waveform is variable in 
the IDSS software. A sample wavetable is created from the breakpoint 
envelope by interpolating between points, this wavetable is then played 
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as an audio stream in real time. The resolution of amplitude 
interpolation in Xenakis’ implementation was quite course, adding to the 
‘low tech’ character of the DSS sounds (Xenakis 1991, Hoffman 2000), 
the IDSS software can mimic this low sample bit-depth, but enables the 
user to vary the bit-depth as part of the timbral control. The ability to 
control the timbral smoothness in real time is a useful aspect often not 
present in interactive music systems. 
 
Each amplitude-time breakpoint varies independently and they all 
change concurrently. The amplitude and time position of each break 
point are varied at each repetition by a random walk function. A random 
walk is a constrained stochastic function where each subsequent event is 
probabilistically selected within a prescribed range above or below the 
previous value. As a result a number of important musical feature 
emerge from process, a opposed to being prescribed. The pitch 
(accumulated duration of points) and dynamic (peak amplitude of 
points) of the sound constantly vary from cycle to cycle creating quite an 
unstable sound source. Limited probabilistic ranges produce a more 
stable ‘phasing pitch glide’ sound and larger variations result in a more 
‘noisy’ timbre. The amplitude and pitch ranges can be limited by setting 
maximum values for each, what Xenakis refers to as “elastic barriers.” 
The challenge of interaction with this system is to provide appropriate 
controls to guide the dynamic system while not smothering the inherent 
interest of its unpredictability. 
 
The use of non-linear processes at the level of microstructure and the 
constant updating of the waveform mean that the waveform is in a 
constant state of evolution, which results in DSS having an organic 
sound quality. The dynamic qualities of continual development and the 
emergent nature of the sound’s pitch, loudness and timbre means that 
the system can produce a wide variety of timbral outcomes, but they are 
not always easy to predict or control. Understanding the behaviour of 
the system is the first step toward effective interaction with it. 
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In a stable state, where the random walk variations of both amplitude 
and time are reduced to zero, the DSS process acts as a stable oscillator 
at a fixed pitch. The precise sonic spectrum depends on the wave shape 
but the tendency is for a bright ‘buzzy’ tone, not unlike a sawtooth 
wave. Given enough points in the wave envelope (and a lot of luck in 
freezing the points) silence or a simple tone close to a sine wave are 
theoretically possible, but highly improbable. 
 
In the 1970s, when Xenakis first realised a DSS implementation, the 
system was designed as a non real-time computer assisted 
compositional tool. In order to explore dynamic stochastic synthesis in 
live performance a real-time system was required. Two previous real 
time implementations have been created, but both still have an interface 
design intended for compositional (rather than performative) interaction 
(Hoffman 2000, Bokesoy & Pape 2003). The IDSS is a real-time 
application developed in Java and uses the audio system from the jMusic 
library (Sorensen & Brown 2000). In this paper I outline issues and 
solutions explored during the interface design for the IDSS program. 
 
2. Interacting with dynamic sound 
The timbre that arises from dynamic stochastic synthesis is emergent 
because it is a secondary result of the synthesis process. While there is 
a broad alignment between the synthesis parameters and resulting 
sound, the specific harmonic spectra, pitch and amplitude attributes of 
the sound are only likely outcomes of a particular parameter state not, 
like many other synthesis systems, deterministic. This degree of 
unpredictability presents a significant challenge for interaction with the 
synthesis process, a challenge answered in the IDSS program using a 
number of design solutions. 
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The different interaction design solutions stem from differences in the 
mode of engagement desired by the performer (Brown 2000). Due to 
some limits of computational power, but more fundamentally from 
preferred personal work patterns, Xenakis utilised dynamic stochastic 
synthesis as a compositional process. In contrast, the intention with the 
development of the IDSS software was to engage with dynamic sound in 
a real-time performance context where the luxury of discarding 
uninteresting outcomes is not available, and so a variety of strategies 
for constraining and predicting the sonic results have been developed 
This shift from composition to performance activity results is an changed 
relationship with the program from exploration to guidance. Awareness 
of this shift in the mode of engagement is important for successful 
interaction design. 
 
The definition of interaction as engagement has been outlined from a 
performative perspective by Brenda Laurel as a component of her 
metaphor of computer simulation as theatre. For Laurel,  
 
Engagement is what happens when we are able to give 
ourselves over to a representational action, comfortably and 
unambiguously. It involves a kind of complicity. We agree to 
think and feel in terms of both the context and conventions of 
a mimetic context (Laurel 1991:115). 
 
This notion of engagement has been further developed in my previous 
work into a detailed theory of “modes of creative engagement” (Brown 
2000, 2001). The range of interactions described by the modes of 
creative engagement encompass both real-time and rendered musical 
processes, and the design of the software/hardware tools are iteratively 
connected with the intended and available ways of engaging. However, 
while the interaction can be enabled by the technology, the user and 
their attitude or approach largely determines the mode of creative 
engagement. The playful aspect of engagement that Laurel refers to is 
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related to the performative desire of the musician and the design of 
interaction for IDSS is lead more by these desires than by technological 
possibilities. Locating the driver of interaction within the intended 
engagement of the user is somewhat in contrast to more technologically 
determined view of interaction with equipment such as that proposed by 
Marshal McLuhan (1964) where the role of the medium or technology is 
brought to the fore. In working on the interaction design for IDSS the 
demands of a playful real-time performance attitude clearly differentiate 
this implementation of DSS from previous implementations where 
practices focused on rendered data sonification and reflective selection. 
 
The management of dynamic music systems in performance is an 
increasingly popular area of musical development according to Roger 
Dean who surveys this emerging domain of interactive computer music 
performance in his recent book entitled ‘Hyperimprovisation’. Dean 
situates the control of dynamic sound as a core element of 
contemporary music practice. He states in his introduction to the book, 
“perhaps the most fundamental and exciting computer-interactive 
possibility within sound improvisation is that of real-time alteration of 
the active algorithm(s)” (Dean 2003:ix). 
 
Musical performance has long been about the control of a physical 
dynamic system, in the form of a musical instrument, and the inclusion 
of active, or dynamic, algorithms in real-time digital systems is setting 
the scene for the next wave of musical instrument making and playing. 
The partnership between player and sound in these new algorithmic 
digital instruments, such as IDSS, is somewhat less direct than is typical 
with acoustic instruments. The interaction mapping is more often 
characterised by a one-to-many relationship between gesture and 
change and as a result the designed systems are more properly called 
hyper or meta-instruments. In his review of live electronic music 
practices, Simon Emmerson concurs with this view commenting that 
“the need for human-computer interfaces more sensitive to the needs of 
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performers is emerging as the most important new field of research” 
(Emmerson 2000: 209). This situation has arisen after half a century of 
musical practice that explored the use of recorded and electronic sounds 
where musical practices largely focused on the mimetic relationship 
between the sound world and the natural and built environments. 
Instruments that employ dynamic music systems provide a useful 
opportunity within this context for new expressive practices because 
they open up new horizons of interactive partnerships for the performer. 
 
The shift from direct to mapped interaction as part of the change from 
acoustic and digital musical instruments not only alters the performers’ 
experience, but also challenges the audience as they attempt to 
maintain a clear attribution of sonic causality when viewing the 
performance. For the audience, the familiarity with the vibrating 
properties of physical matter is missing in the digital instruments. As a 
result the action of the performance can appear dislocated from the 
sonic result at best and perhaps simply magical or, at worst, deceptive. 
In the design of IDSS the focus was on interaction design for the 
performer whilst bearing in mind their need to relate to the audience. 
 
3. Interaction design for IDSS 
In designing an interface for playing with dynamic sound, one goal was 
to enable the performer to balance the emergent properties of the 
dynamic sound system with the ability to control musical gesture and 
structure. The importance of achieving this balance is reinforced by 
Dean who points out that a significant issue with generative software for 
sound is  “the degree to which the user can exploit the capacities of the 
algorithm, verses the degree to which algorithmic changes are 
indifferent to the nature of user input” (Dean 2003:73).  
 
The interface design for IDSS was approached with a view to providing 
scaffolding for the musician, in the spirit of Lev Vygotsky’s (1986) 
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theories of psychology, so that the design could provide a coherent 
context for meaningful interaction with dynamic stochastic synthesis 
system. In my view, an interface from which a meaningful 
understanding of the system is likely to be established is one that 
privileges interesting sections of the sound world, provides filtered 
feedback on the phenomenon, and makes available structuring 
techniques that can be used to navigate through the sound world.  
 
The interface design for IDSS attempted to enable this balanced control 
by focusing on achieving three practical outcomes. Firstly, assisting the 
performer to incorporate human gestures onto the soundscape. 
Secondly, to make available the manipulation of familiar musical 
elements including pitch, rhythm, timbre, dynamic and spatial position. 
And, thirdly, the ability for the solo performer to manage macrostructure 
including textural density and a balanced mix between concurrent 
voices. A variety of interface solutions were implemented in an attempt 
to achieve these outcomes, including; 
• Visualisation of the waveform 
• Accessing prepared voice and voice-set parameters 
• Parameter automation 
• Keyboard shortcuts 
• External control surfaces 
• Multi-parameter mapping 
• A timer 
 
Independently these solutions are not novel, however, the process and 
considerations leading to the use of these solutions (and not others 
equally available) has ensured the success of the IDSS program for its 
intended task. 
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3.1. Waveform Visualisation 
The shape of the waveform produced by dynamic stochastic synthesis is 
important as the direct reflection of the process over and above its usual 
connection to the sound timbre. The IDSS interface includes a tabbed 
display showing one voice at a time, a section of which is shown in 
figure 2. 
 
 
Figure 2. A section of the IDSS graphical interface. 
 
An animated waveform display shows a single cycle as described by the 
stochastic break points. Because the waveshape is often in constant flux 
when active the display also provides valuable feedback about the 
activity status of the voice; playing or stopped. Also depicted, as white 
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lines, are the bounding mirrors whose position is controlled by the 
sliders beside and below the display. 
 
The voice control strip shows only one voice at a time, so a matrix view 
of all voice waveforms was included, as shown in figure 2. Clicking with 
the mouse on one of the waveforms in the matrix is an alternate way to 
bring that particular voice to the fore in the tabbed control strip. 
 
 
Figure 3. A matrix view of the waveforms from all voices. 
 
3.2. Parameter automation 
A common concern for a single performer controlling a multi-voice 
instrument is how to adjust so many parameters at one time. In the 
IDSS design this is partially solved with automated sliders, examples of 
which are shown in the top half of figure 2. To the right of each slider 
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are buttons that initiate slow or fast slider increases or decreases from 
the current value to set maximum or minimum. The central automation 
button toggles on or off the oscillation of the slider between the 
maximum and minimum values. Changing the small numbers above and 
below the automation buttons can specify these outlying values.  
 
3.3. Keyboard shortcuts 
A number of key functions can be accessed by keyboard shortcuts to 
speed up operations. These include switching between voices in the 
tabbed interface, saving and loading voice settings, and instigating 
global changes on all voices simultaneously including fade-in, fade-out, 
start and stop. 
 
3.4. External control surfaces 
External MIDI controllers can control specific parameters of the IDSS 
program. External control surfaces typically have a number of assignable 
sliders, dials and buttons that can be associated with a particular 
parameter and voice. It has been quite useful to assign external 
controllers to the IDSS voice amplitude values such that the volume 
balance between voices is easily manipulated. The use of control 
surfaces with fader and dial controls has been found to assist the 
interaction by enabling the control of multiple parameters 
simultaneously or in rapid succession that would be difficult or 
impossible with only the QWERTY keyboard and mouse combination. 
Control surfaces with up to twenty-four controls have been used with 
the IDSS program, however, generally about half this number seems 
adequate. What is more critical to successful use of MIDI controllers is 
the assignability of them to one or more parameters that are critical to 
the specific work being performed. 
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3.5. Multi-parameter mapping 
In addition to the use of a mouse, keyboard shortcuts, fader automation 
and external controllers to change individual parameter values, the 
mapping of these interface options to multiple parameters at one time 
provides the meta-level changes required to make real-time 
performance of dynamic systems manageable. Choices about which 
parameters to combine need to be carefully considered because it may 
over-determine the sonic outcomes, but can be useful in providing 
leverage from individual controller actions during performance. An 
example of the multi-parameter mappings employed in IDSS include the 
integration of both amplitude and time mirrors from the onscreen 
triangular buttons shown in the bottom left corner of figure 2. Another 
example is the coordination of both amplitude-step and time-step sliders 
to enable easy movement between stable and unstable wave oscillation. 
This has been achieved by linking one external MIDI controller to all 
random walk step sliders in one voice. A third example of parameter 
mappings is the keyboard shortcuts which can instigate changes across 
all voices to achieve an orchestrated action over the whole instrument. 
This has been mainly utilised to enabled controlled entries and exits 
during performance through coordinated volume fades and the starting 
or stopping of all voices. 
 
3.6. Accessing prepared voice and voice-set parameters 
The adjustment of voice parameters one-by-one enables the voice to 
glide through the sound world, and the use of external controllers can 
make this transition multi-dimensional and quite rapid. However, in 
order to enable a jump from one location in the sound world to another 
the IDSS program includes the ability to load prepared settings that 
store values for every parameter of every voice. Musically this ability to 
change sections adds a significant dramatic capability. As well as 
complete voice settings individual voice settings can also be saved and 
loaded. 
Brown, A. R. (2004). “Playing with Dynamic Sound.” Interaction: System, Practice, Theory. 
Sydney: Creativity and Cognition Studios Press, pp. 435-450. 
 
Page 13 of 16.  
 
It should be noted that although the parameter values can be saved and 
reloaded, the sonic result of reloading the settings is only approximate 
due to the stochastic nature of the synthesis algorithm and results can 
also vary depending on the previous state into which the settings are 
loaded. The use of presets is vital to providing some level of 
predictability from performance to performance and the combination of 
musical drift enabled by changing individual parameters and jump by 
loading parameter sets combine to provide the performer with a wide 
range of structural control. 
 
3.7. A timer 
Given that performances using IDSS often follow a semi-improvised 
form, the duration of a particular performance can vary markedly. A 
timer is provided, as shown in figure 3, to assist with keeping track of 
elapsed time. This can be especially important given the often-distorted 
perception of time that is associated with engagement in musical (and 
other) activities. The timer has also been very useful in performances 
with more than one IDSS player where it is an aid in synchronising 
activities across the ensemble. 
 
 
Figure 4. The IDSS clock. 
 
4. Presentation considerations 
The interaction design of the software, described above, was not only 
driven by the desire to enable effective engagement and performance by 
the musician but also to incorporate some assumptions about how the 
performances might be presented. It is usual that the IDSS software is 
run on a laptop computer during performance, and therefore the 
aesthetics of laptop performance come into play.   
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The use of external control surfaces provides the performer with a 
variety of (small) gestures to make in addition to typing behind the 
laptop screen, which presents the audience with some concrete 
movements to focus on even if the sonic correlations are not always 
clearly evident. The waveform matrix visualisation is written as a 
separate window so that it can be independently projected for the 
audience to see. This provides some cues to the audience about the 
underlying musical organisation, and acts as a musical score of sorts, 
but is not so obvious or literal that it becomes a distraction. 
 
Other presentation considerations that are not built into the software 
design but have been employed in IDSS concerts, include the decision 
for performers to stand rather than sit to maximise whole body 
movement cues, and the orientation of the laptop performer side-on to 
the audience (as for a grand piano performance) so that the mouse and 
keyboard gestures are more visible than if they were face-on with the 
laptop screen obscuring hand movements. 
 
5. Conclusion 
In this paper I have outlined how the interaction design of the IDSS 
program privileges interesting sections of the sound world by providing 
controls that don’t simply adjust the atomic elements of the system but 
that allow for interaction with meaningful combinations of parameters. 
Automation and multiple parameter adjustment via external MIDI 
controllers are structuring techniques that can be used to navigate 
through and manage the multi-dimensionality of the sound world. 
Through various visualisations and animated automation it provides 
filtered feedback on the phenomenon to the performer about the state of 
a dynamic system. 
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The application of dynamic stochastic synthesis to real-time performance 
has been a useful context in which to explore a range of interaction 
design issues and processes of design development. The design focus 
has been on achieving a balance between the independence of the 
dynamic sound algorithm and the control of the performer. A 
combination of visual and gestural solutions to this interaction design 
problem have been presented and the results have proved effective in 
several concert situations thus far. 
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